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TITLE OF THF. TWFKfTTOP 


INK JET HEAD, INK JET APPARATUS, AND METHOD OF AND 
APPARATUS FOR MANUFACTURING THE HEAD 



BACKGROUND OF THF tuvrmtt^ 
Field Of the Invention 

The present invention relates to an ink jet head and 
an ink jet head apparatus having the ink jet head. 
Furthermore, the present invention relates to a method of 
and an apparatus for manufacturing the ink jet head, and 
more particularly, to the alignment in manufacture of 
energy generating elements employed for discharge in the 
head . 

Description of t-.ha Rpi^t^ ft n 

Figs. 1 and 2 show an example of a conventional ink 
jet head. Fig. 1 is a longitudinal cross-sectional view 
partially showing a surface of a head which is cut 
horizontally along a discharge port row. Fig. 2 is a 
cross-section taken along the line 2-2' of Fig. 1. 

As shown in Fig. l, a plurality of discharge ports 
1101 are provided in a conventional ink jet head. An 
electro-thermal transducer for generating thermal energy 
utilized to discharge a liquid (hereinafter referred to as 
an ink) from the discharge port 1101 is provided for every 
ink flow passage 1108. Each of the electro-thermal 


transducers 1103 is mainly constituted by a heating 
resistor 1102 and electrode interconnections 1110 for 
supplying power to the heating resistor 1102. 

More specifically, as shown in Fig. 2, an insulator 
film 1111 and an interlayer film 1112 are formed on a 
substrate 103 made of f for example, silicon, and a heating 
resistor layer 1102 having a pattern such as that shown in 
Fig. 1 is formed on these films. Patterned electrode 
interconnections 1110 made of, for example, Al are formed 
on a portion of the heating resistor layer 1102. The 
portion of the heating resistor layer 1102 on which no 
electrode interconnections are formed constitutes a heating 
portion 1116. 

Furthermore, a first protective film 1113 and a second 
protective film 1114 are coated on the patterned heating 
resistor layer 1102 and the electrode interconnection 1110. 
A heater board 104 (see Fig. 2) is constituted by the 
substrate 103, the electro-thermal transducers formed on 
the substrate 103 and so on. 

Referring to Fig. 1, the ink flow passages 1108 are 
partitioned by flow passage walls 1109. The end portions 
of the ink flow passages 1108 remote from the discharge 
ports 1101 communicate with a common liquid chamber 1106. 
The common liquid chamber 1106 stores the ink supplied from 
an ink tank (not shown) . The ink supplied from the common 


liquid chamber 1106 is introduced to each of the ink flow 
passages 1108 where it is retained by virtue of the 
meniscus formed near the discharge port 1101. At that 
time, if the electro-thermal transducer 1103 is selectively 
driven, film boiling occurs in the ink as a result of the 
thermal energy generated by the electro-thermal transducer 
1103, generating a bubble and in turn, ejecting ink. The 
ink is discharged from the discharge port 1101 by virtue of 
the growth of the bubble. 

A ceiling plate 105 made of, for example, a resin is 
joined onto the heater board 104 of the ink jet head. 

More specifically, the ceiling plate 105 is a unit in 
which an orifice plate 1104 having the discharge ports 1101 
formed therein is integrally formed with the flow passage 
walls 1109. The ceiling plate 105 is joined to the heater 
board 104 in the manner described below: as shown in Fig. 
2, the ceiling plate 105 is placed while aligning the 
discharge port forming portion of the ceiling plate 105 
relative to the electro-thermal transducers on the heater 
board 104 by means of, for example, the image processing, 
and a rear portion of the ceiling plate 105 (remote from 
the discharge port forming portion) is then temporarily 
fixed by, for example, an adhesive. Thereafter, the flow 
passage walls are pressed by an elastic member (not shown), 
such as a platesprj^ng, from above, whereby the adjacent 


electro-thermal transducers 1103 on the heater board 104 
are separated from each other by the flow passage walls 
1109 in such a manner that a single electro-thermal 
transducer 1103 is disposed in every ink flow passage 1108, 

However, in the conventional heater board structure 
described above, since the lower end of the flow passage 
wall 1109 of the ceiling plate 105 is brought into contact 
with a flow passage wall joining surface 1115 forming a 
convex portion on the heater board 104, if a small gap is 
created between the flow passage wall 1109 and the joining 
surface 1115, the ink pressure waves generated by bubbling 
may propagate to the adjoining ink flow passages, 
transferring the bubbling energy to the adjacent ink flow 
passages. This makes ink discharge unstable. 
Particularly, this becomes a serious problem in a case 
where the electro-thermal transducers 1103 and the flow 
passage walls 1109 are provided close to each other as a 
consequence of an increase in the resolution of the ink jet 
head. 

Further, in the above structure in which the heater 
board 104 and the ceiling plate 105 are closely attached to 
each other by means of the elastic member, such as a plate 
spring, without using an adhesive, the direction in which 
the fixing force is applied may vary or the positioning 
accuracy may deteriorate, thus generating a positional 
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deviation between the ceiling plate 105 and the heater 
board 103. In that case, in the above-described structure 
in which the flow passage walls 1109 are brought into 
contact with the convex portions on the heater board 104, 
5 even if the above gap is very small, a portion of the flow 
passage wall 110 9 may rise above the convex portion or the 
flow passage wall 1109 may rise on the electro-thermal 
transducer 1103. In these cases, unstable bubbling, 
transfer of the bubbling energy into the adjacent ink flow 
10 passages or crosstalk may occur, making the dot diameter 
non-uniform or degrading the recording quality. 

SUMMARY OF THE INVENTION 
In view of the aforementioned problems, an object of 
15 the present invention is to provide an ink jet head and an 
ink jet apparatus which avoid or at least reduce the loss 
of discharge energy which would otherwise escape to 
adjacent ink flow passages, ensuring excellent discharge. 

To achieve the above object, the present inventors 
studied intensively and found an improved ink jet head and 
an improved ink jet apparatus . 


20 


The present invention provides an ink jet head 

/can ex. /i a. 

/f- including a^substrate having a plurality of energy 

generating elements for generating energy utilized to 
fr 25 discharge ink provided thereon, the etabstrafco. having a 
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recessed portion, and a wall member joined to the 
» subotratc , this wall member having plural flow passage 
walls which partially define plural flow passages. The 
energy generated by the energy generating elements acts 
5 through the flow passages so as to act on the ink to 

discharge the ink, the flow passages being fully-defined 
/f* when the outootrato is joined to the wall member. The 

/T recessed portion of the - cubo - tratc is provided between the 

J 1 adjoining energy generating elements, and this recessed 

i; 10 portion has a bottom surface located at a position which is 

1; lower than a position of a heat acting surface of the 

^ A A*&fac boa**** 

U oubDLiaLc along which heat is transmitted to the ink, the 

flow passage walls of the wall member abutting the 


/T «fers-ba?a^e at the bottom surfaces. 

15 Another aspect of the present invention relates to an 

ink jet apparatus which includes an ink jet head having a 
n • oubotrafre having plural energy generating elements for 

generating energy utilized to discharge ink provided 

A Acafyt boasts 

ft" thereon, the oubotrat - o having a recessed portion and a wall 

fl*^ 20 member ]Oined to the oubot - rotev the wall member having 
plural flow passage walls which partially define plural 
flow passages. The energy generated by the energy 
generating elements acts through the flow passages so as to 
act on the ink to discharge the ink, the flow passages 

*^ /teste* 

/r 25 being defined when the aubaLru l- e engages the wall member, 


and a driving signal generation means generates signals for 
driving the energy generating elements of the ink jet head. 
The recessed portion has a bottom surface located at a 
position which is lower than the position of a heat acting 
surface of the j s . ubotrato along which heat is transmitted to 
the ink, and the flow passage walls of the wall member abut 
the eubotrate at the bottom surfaces. 

In the present invention, since the wall member, such 
as an ink flow passage wall, of the ceiling plate is 
brought into abutment with the bottom surface of the 
recessed portion provided in the substrate at a position 
which is lower than the heat acting surface and is not thus 
affected by the pressure wave generated in the ink by the 
energy generating element on the «e ub3t r at- c> the pressure 
wave does not reach the other flow passages through the 
recessed portion. Further, even if the wall member shifts 
from its contact position for any reason, it interferes 
with part of the recessed portion and does not rise above 
the shoulder of the recessed portion. 

Consequently, a positional deviation of, for example, 
the ceiling plate can be reduced. Further, since discharge 
energy losses to the adjacent flow passages can be reduced, 
discharge can be performed in a state wherein there is 
substantially no crosstalk between the adjacent flow 
passages, stabilizing discharge. As a result, excellent 
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recording results, such as a fixed dot size, can be 
obtained. 

The present invention also relates to a method of 
manufacturing an ink jet head having a '^^^^^a^e'^having 
5 plural energy generating elements for generating energy 

utilized to discharge ink provided thereof, t he^ ^^r a t? *"^ 
having a recessed portion, and a wall member joined to the 
/t~ ' Oub^tra£c^ S:he wall member having plural flow passage walls 

which partially define plural flow passages, the energy 
10 generated by the energy generating elements acting through 
these flow passages so as to act on the ink to discharge 
the ink. The flow passages are fully-defined when the 
fi^ fKibotrat - e is joined to the wall member. This method 

involves providing recessed portion in the substrate, 
15 fitting those recessed portions to the flow passage walls 
of the wall member by applying a force to the wall member 
along a direction in which the energy generating elements 
are arranged, thereby aligning the flow passages with the 
energy generating elements. 
20 Still another aspect of this invention is a method of 

manufacturing an ink jet head having a cubotratc having 
plural energy generating elements for generating energy 
ff^ utilized to discharge ink provided thereon, the oubatiaLe - 

having a recessed portion, and a wall member joined to the 
ft 25 e - ubctrafrc and having a plurality of flow passage walls 


which partially define plural flow passages. The energy 
generated by the energy generating elements acts through 
the flow passages so as to act on the ink to discharge the 
ink. The flow passages are f ullyrdef ined when the 
-&ubotrot-e and wall member are joined. This method involves 
providing plural recessed portions in the ^ ^ife^ ^^and 
fitting the recessed portions to the flow passage walls of 
the wall member by vibrating the^ ^o^ate so that a force 
having at least a component acting in a direction in which 
the energy generating elements are arranged is applied to 
the wall member. This serves to align the flow passages 
with the energy generating elements. 

Furthermore, this invention concerns an apparatus for 
manufacturing an ink jet head having a oubotrato having 
plural energy generating elements for generating energy 
utilized to discharge ink provided thereon, this^w ^ofea^y ^ 
having a recessed portion, and a wall member joined to the 
- cubotrate and having a plurality of flow passage walls 
which partially define plural flow passages. The energy 
generated by the energy generating element acts through the 
flow passages so as to act on the ink to discharge the ink, 
and the recessed portion is fitted to each of the flow 
passage walls formed in the ^y ^Epato^ 50 that the flow 
passages are defined when the flow passage walls engage the 
recessed portions. This apparatus includes retaining means 
for retaining the oubotratc in which the recessed portions 


are provided, placing means for placing the wall member on 
the su b strate - retained by the retaining means so that the 


recessed portions oppose the flow passage walls, and 
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pressing means for pressing the wall member with a force 
having at least a force component in a direction in which 
the plurality of energy generating elements are arranged, 
the wall member having been placed by the placing means in 
fif 5 a state where it member is stacked on the substrat e . 

/T Vibration means vibrates the oubsti - afc - e so that the force 

component acts in the direction in which the energy 
\12 generating elements are arranged. 

\\\ In the present invention, even if accurate alignment 

P 10 is not achieved when the ceiling plate is joined to the 

l« /r* substrate , the flow passage walls of the ceiling plate 

/r enter the recessed portions provided in the s u bst r ate by 

j; 8 ! causing a force in a direction in which the energy 

|y generating elements are arranged to act on the ceiling 

lO 15 plate. Consequently, the ink discharge ports can be 

brought into accurate alignment with the energy generating 
elements. 

As a result, alignment can be readily performed using 
a simple structure, and cost and time required for 
20 manufacturing ink jet heads can thus be reduced. 

BRIEF DESCRIPTION OF THE DRAWING 
Fig. 1 is a schematic plan view illustrating an 
example of a heater board structure of a conventional ink 
25 jet head; 


Fig. 2 is a cross-section taken along the line 2-2' of 
Fig. 1; 

Fig. 3 is a schematic perspective view of an 
embodiment of an ink jet head according to the present 
invention; 

Fig. 4 is a cross-section taken along the line 3— ■y of 
Fig. 3; 

Fig. 5 is a cross-section taken along the line 5-5' of 
Fig. 3; 

Fig. 6 is a cross-section taken along the line 6-6' of 
Fig. 5; 

Fig. 7 is a perspective view of an ink jet cartridge 
in which the ink jet head shown in Fig. 3 is incorporated. 

Fig. 8 is a perspective view illustrating the 
structure of the ink jet cartridge shown in Fig. 7; 

Fig. 9 illustrates a portion of an ink tank on which 
an ink jet unit is mounted in the ink jet cartridge shown 
in Fig. 7; 

Fig. 10 illustrates a state in which the ink jet 
cartridge shown in Fig. 7 is mounted on a carriage; 

Fig. 11 is a schematic perspective view of an 
embodiment of an ink jet recording apparatus on which the 
ink jet cartridge shown in Fig. 7 is mounted; 

Fig. 12 is a schematic plan view showing a heater 
board according to a second embodiment of the present 


invention; 


Fig. 13 is a schematic perspective view illustrating 
an ink jet head manufacturing apparatus for manufacturing 


ink jet heads; 

Figs. 14 (a) and 14 (b) are respectively cross- 
sectional views schematically illustrating two examples of 
a state in which a ceiling plate is placed on a substrate; 

Fig. 14 (c) schematically shows the engagement of a 
spring with a top portion of the ceiling plate; and 

Figs. 15 (a) and 15 (b) respectively illustrate the 
positional relation between a j oonvdL uJjuLiuunL paLL^n* and c 
ceiling plate dummy nozzle wall in the ink jet head 
according to the present invention. 

DETAILED DESCRIPTION OF the prkfp. r red F.MRnnT M F, N T,c: 
Embodiments of the present invention will now be 
described with reference to the accompanying drawings. 

Fig. 3 is a schematic perspective view of a first 
embodiment of an ink jet head according to the present 
invention. Fig. 4 is a cross-section taken along the line 


of Fig. 3. Fig. 5 is a cross-section taken along the 
line 5-5' of Fig. 3. Fig. 6 is a cross-section taken along 
the line 6-6' of Fig. 5. Fig. 7 is a perspective view of 
an ink jet cartridge in which the ink jet head shown in 
Fig. 3 is incorporated. Fig. 8 is an exploded perspective 
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view of the ink jet cartridge shown in Fig. 7. Fig. 9 
illustrates a portion of the ink jet cartridge 11 shown in 
Fig. 7 on which an ink jet unit 13 of an ink tank 14 is 
mounted . 

5 An ink jet cartridge 11 includes an ink jet head 12 in 

which the large number of discharge ports 1101 are formed, 
an ink jet unit 13 which contains the ink jet head 12 and 
i aa i in which electrical interconnections connected to the ink 

?3 J 

jVj jet head 12 and ink conduits are formed, and an ink tank 14 

•==j 10 serving as an ink accommodating portion for accommodating 

an ink. The ink jet cartridge 11 has an ink accommodating 
^ capacity larger than that of a conventional ink jet 

13 cartridge, and is located in such a manner that a distal 

jlj end portion of the ink jet unit 13 protrudes slightly from 

k Q 15 a front surface of the in-k tank 14. As will be described 

later, the ink jet cartridge 11 is of a disposable type 
which is fixedly supported by a positioning mechanism and 
an electric contact portion provided on a carriage placed 
on an ink jet recording apparatus body in such a manner 
20 that it can be mounted on and removed from the carriage 
(see Figs. 10 and 11) . 

First, the structure of the ink jet head 12 will be 
described with reference to Figs. 3 through 5. Identical 
reference numerals in these figures to those in Figs. 1 and 
25 2 represent similar or identical elements. 
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As shown in Figs. 3 through 5, in the ink jet head 12, 
the electro-thermal transducers 1103 are disposed one for 
each ink flow passage 1108 as energy generating elements 
for generating energy utilized to discharge ink from the 
5 plurality of discharge ports 1101 arranged in a.xow. When 
supplied with a driving signal, an electro-thermal 
transducer 1103 generates thermal energy, whereby film 
boiling is generated in the ink, forming a bubble in the 
ink flow passage 1108. An ink droplet is discharged from 

10 the discharge port 1101 as a consequence of the growth of 
the bubble. The heating resistors 1102, constituting the 
electro-thermal transducers 1103 and made of a boride, such 
as hafnium, or a nitride, such as tantalum, are formed on 
the substrate 103 made of silicon. The heating resistors 

15 1102 are formed integrally with the interconnections made 
of, for example, aluminum for supplying an electric signal 
to the respective heating resistors 1102 by the film 
forming technologies . An ink receiving port 107 for 
introducing the ink from the ink tank (not shown) into the 

20 common liquid chamber 1106 and the orifice plate 1104 

having the plurality of discharge ports 1101 corresponding 
to the respective ink flow passages 1108 are integrally 
formed with the ceiling plate 105 in which the flow passage 
walls 1109 for separating the plurality of ink flow 

25 passages 1108 from each other and a groove for forming, for 


example, the common liquid chamber 1106 for temporarily 
accommodating the ink supplied to the ink flow passages 
1108 are formed. Polysulfone is preferably used as the 
material of the ceiling plate 105, the ink receiving port 
107 and the orifice plate 1104. The ceiling plate 105 may 
also be made of other forming resin materials, such as 
polyether sulfone, polyphenylene oxide and polypropyrene . 

The heater board 104 of the ink jet head is 
constructed such that the portion thereof to be joined to 
each of the flow passage walls 1109 of the ceiling plate 
105 is recessed so that the flow passage wall can be fitted 
into that recessed portion, as will be described later. 

The structure of the ink jet unit 13 will now be 
described with reference to Figs. 7 through 9. 

As shown in Fig. 8, one end of a wire board 121 is 
interconnected to an interconnection portion of the heater 
board 103, while a plurality of pads 122 corresponding to 
the electro-thermal transducers 1103 (see Fig. 5) are 
provided on the other end portion of the wire board 121 to 
receive an electric signal from the apparatus body, whereby 
an electric signal is supplied to the respective electro- 
thermal transducers 1103 from the apparatus body. 

A flat metal supporting member 123 for supporting a 
rear surface of the wire board 121 serves as a bottom plate 
of the ink jet unit 13. A pressing spring 12 6, having an 


M-shaped form, presses the common liquid chamber (see Fig. 
5) at the center of its M-shape, and linearly presses the 
portions of the ink flow passages 1108, preferably the area 
near the discharge ports 1101, by its front overhanging 
portion 127. The heater board 104 and the ceiling plate 
105 are gripped by leg portions of the pressing spring 126 
which pass through holes 139 of the supporting member 123 
and engage a rear surface thereof in a state wherein they 
are pressed to each other by the concentrated urging force 
of the pressing spring 126 and of the front hanging portion 
127 thereof. The supporting member 123 has holes 124, 134 
and 136 which respectively engage two positioning 
projections 152 of the ink tank 14 and heat melt retaining 
projections 161 and 162 of the ink tank 14. The supporting 
member 123 also has positioning projections 137 and 138 
used for a carriage 16 on a rear surface thereof. The 
supporting member 123 also has a hole 125 through which an 
ink supply pipe 167 (described later) from the ink tank 14 
can pass. The wire board 121 may be mounted on the 
supporting member 123 by an adhesive. 

Two recessed portions 171 of the supporting member 123 
are provided near the protrusions 137 and 138, 
respectively, so that they can be located on extensions of 
the distal end areas of the head formed by parallel grooves 
173 and 174 in the assembled ink jet cartridge 11 to 


prevent unwanted material, such as dust or ink, from 
reaching the protrusions 137 and 138, as shown in Fig. 7. 
A lid member 151 on which the parallel grooves 173 are 
formed forms an outer wall of the ink jet cartridge, as 
shown in Fig. 7, as well as a space between the ink tank 14 
and the lid member 151 in which the ink jet unit 13 can be 
accommodated. In an ink supply member 128 on which the 
parallel grooves 174 are formed, an ink conduit 158 
connected to the ink supply pipe 167 is shaped in the form 
of a cantilever which is fixed at one end thereof located 
closer to the ink supply pipe 167. A sealing pin 130 is 
inserted into the ink supply member 128 to assure 
capillarity between the fixed side of the ink conduit 158 
and the ink supply pipe 167. A packing 129 is provided to 
seal the gap between the ink tank 14 and the ink supply 
pipe 167. A filter 133 is provided at the end portion of 
the ink supply pipe 167 closer to the ink tank 14. 

Since the ink supply member 128 is formed by molding, 
it is inexpensive, exhibits high positioning accuracy, and 
eliminates a reduction in the accuracy which would occur 
during manufacture. Further, since the ink conduit 158 has 
a cantilever structure, pressing of the ink conduit 158 
against the ink receiving port 107 can be stabilized even 
when the ink supply member 128 is mass produced. The ink 
conduit 158 can be reliably connected to the ink receiving 
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port 107 only by supplying an adhesive from the side of the 
ink supply member 128 in that pressed state. The ink is 
then supply member 128 can be fixed to the supporting 
member 123 by passing two pins (not shown) on the rear 
surface of the ink supply member 128 through the holes 135 
and 163 in the supporting member 123 and then by melting 
the two pins in the holes. Since the melted small 
protruding areas on the rear surface are accommodated in a 
recess (not shown) on the side surface of the ink tank 14 
on which the ink jet unit 13 is mounted, the positioning 
surface of the ink jet unit 13 can be made accurate. 

The structure of the ink tank 14 will be described 
below . 

The ink tank 14 includes a cartridge body 20, an ink 
absorber 150 and a lid member 153. The ink tank 14 is 
formed by inserting the ink absorber 150 into the cartridge 
body 20 from the side thereof remote from the ink jet unit 
13 and then by closing the cartridge body 20 by the lid 
member 153. 

The ink absorber 150 is made of a porous material 
which absorbs and retains ink. The ink absorber 150 is 
disposed within the cartridge body 20. The details of the 
ink absorber 150 will be described later. An ink supply 
port 154 is used not only to supply ink to the ink jet unit 
13 but also to allow the ink absorber 150 to be impregnated 
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with ink during assembly of the ink jet cartridge 11. The 
ink tank 14 has an air port 156 through which the air is 
taken into the ink tank 14. A liquid repellent material 
155 is disposed inside the air port 156 in order to prevent 
5 ink leakage from the air port 156. 

In this embodiment, in order to assure excellent ink 
supply from the ink absorber 150, an air existing area in 
the ink tank 14 is formed by ribs 168 of the cartridge body 
20 and partial ribs 169 and 170 of the lid member 153 over 
10 the corner which is furthest from the ink supply port 154 
in such a manner that it is connected to the air port 156. 
Hence, the ink supply from the ink support port 154 to the 
ink absorber 150 is excellent and uniform. This method is 
practically useful. The cartridge body 20 has four ribs 
15 168 on the rearward surface thereof parallel to the 

direction in which the carriage (see Fig. 11) is moved. 
The ribs 168 prevent the ink absorber 150 from making close 
contact with the rearward surface of the ink tank 14. The 
partial ribs 169 and 170 are provided on an inner surface 
20 of the lid member 153 in correspondence with the respective 
ribs 168 at positions corresponding to projected positions 
.of the ribs 168. Unlike the ribs 168, the partial ribs 169 
and 170 are separated from each other and so increase the 
air existing space more than the ribs 168. The partial 
25 ribs 169 and 170 are dispersed on a region which is less 
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than half the entire area of the lid member 153. The ribs 
enable the ink in the corner of the ink absorber 150 
furthest from the ink supply port 154 to be stabilized and 
reliably introduced toward the ink supply port 154 due to 
5 capillary action. 

The ink tank 14 has an ink accommodating space of 
rectangular parallelopipedal shape, and the long side of 
the rectangular parallelopiped is located sideways. 
Therefore, the above-described rib layout is particularly 
10 effective. Where the ink tank is located with its long 

Q 

s l* side directed in the direction of the movement of the 

U i 

hi carriage 16 (see Fig. 11) or the ink tank has a square 

(3 shape, ink supply from the ink absorber 150 can be 

ji] stabilized by providing ribs on the entirety of the lid 

IT* 

15 member 153. In order to accommodate as much ink as 
i|3 possible in a limited space, it is desirable that the ink 

tank have a form of rectangular parallelopiped. In that 
case, it is essential to provide ribs which perform the 
above-mentioned action on the two surfaces adjacent to the 

20 corner area in order to use the stored ink without waste, 

as mentioned above. Further, the ribs on the inner surface 
of the ink tank 14 are distributed uniformly in a direction 
of the thickness of the ink absorber 150 of rectangular 
parallelopipedal shape. This structure makes the 

25 atmospheric pressure in the entire ink absorber 150 uniform 


and thus enables the maximum amount of the ink in the ink 
absorber 150 to be consumed. Further, when an arc whose 
radius is equal to the long side of the rectangular 
parallelopiped is plotted on the upper surface thereof 
using, as a center thereof, the position to which the ink 
supply port 154 of the ink tank 14 is projected, by 
providing ribs on the surface outside of that arc, the 
portion of the ink absorber 150 located outside the arc can 
be placed under the atmospheric pressure at the earliest 
possible time. In that case, the air port 156 of the ink 
tank 14 can be located at any position as long as the air 
can be introduced into the area in which the ribs are 
disposed. 

In addition, in this embodiment, the surface of the 
ink jet cartridge 11 located on the rear of the ink jet 
head 12 is made flat so as to minimize the space required 
in the apparatus to incorporate the ink jet cartridge 11 
and to maximize the amount of ink stored in the ink jet 
cartridge 11. Consequently, the size of the apparatus can 
be reduced and the frequency with which the ink jet 
cartridge 11 must be replaced with a new one can be 
reduced. A protruding portion for the air port 156 is 
formed utilizing the rear portion of the space in which the 
ink jet unit 13 is provided, and that protruding portion is 
made hollow to form an atmospheric pressure supply space 


157 over the entire thickness of the ink absorber 150. In 
this way, an improved ink jet cartridge which is not known 
can be provided. The atmospheric pressure supply space 157 
has a size far greater than that of a conventional one, and 
the air port 156 is located in the upper portion thereof. 
Thus, even if ink is released from the ink absorber 150 for 
some unknown reason, it remains in the atmospheric pressure 
supply space 157, until it is taken up into the absorber 
150. 

Fig. 9 illustrates the structure of the surface of the 
ink tank 14 on which the ink jet unit 13 (not shown) is 
mounted. Assuming that a straight line Li passes through 
substantially the center of the large number of discharge 
ports 1101 provided in the orifice plate 1104 parallel to 
the bottom surface of the ink tank 14 or the reference 
surface of the carriage 16 on which the ink jet cartridge 
is mounted, the two positioning projections 152, which 
engage the holes 124 of the supporting member 123, are 
disposed on that straight line Li . The projections 152, 
which are slightly shorter than the thickness of the 
supporting member 123, position the supporting member 123. 
A claw 165 which engages a 90* hooked surface 203 of a 
positioning hook 202 (see Fig. 10) of the carriage 16, is 
located on the extension of the straight line Li so as to 
allow the force with which the ink jet cartridge is 


positioned with respect to the carriage 16 to act on the 
surface area parallel to the above-mentioned reference 
surface containing the straight line Li . As will be 
described later, this structure is effective because the 
positioning accuracy of the ink tank 14 alone is the same 
as the positioning accuracy of the discharge ports 1101 of 
the ink jet head 12. Further, the projections 161 and 162 
of the ink tank 14, which respectively correspond to the 
fixing holes 134 and 136 provided in the supporting member 
123 are longer than the projections 152, and the protruding 
portions from the supporting member 123 are thermally 
melted to fix the supporting member 123. Further, a 
straight line L3, which is perpendicular to the straight 
line Li and passes the projection 161, does not coincide 
with a straight line L2 which passes through the projection 
162, and the projections 161 and 162 exist near the 
projection 152 located closer to the discharge ports 1101 
of the ink jet head 12. Consequently, the positioning of 
the ink jet head 12 upon the ink tank 14 is further 
reinforced. A curve L4 describes the outer wall position 
of the mounted ink supply member 128. Since the 
projections 161 and 162 are located along the curve L4, 
sufficient strength and positioning accuracy relative to 
the weight of the distal end side of the ink jet head 12 
are assured. A tab 172 at the distal end of the ink tank 


14 is inserted into a hole of a front plate 201 (Fig. 7) of 
the carriage 16. The tab 172 is provided to cope with an 
abnormality in which the ink tank 14 is displaced greatly. 
A stopper 166 is a protective member provided relative to a 
bar (not shown) of the carriage 16. When the ink jet 
cartridge 11 is mounted, the stopper 166 below the bar 
maintains the mounted state of the ink jet cartridge 11 
even when a force for removing the ink jet cartridge 11 in 
an upward direction acts thereon. 

After the ink jet unit 13 is mounted on the ink tank 
14, it is covered by the lid member 151. In that state, 
all the surfaces of the ink jet unit 13 are enclosed except 
for the underside thereof. Since the ink jet cartridge 11 
is placed on the carriage 16, the open underside of the ink 
jet unit 13 is located adjacent to the carriage 16, whereby 
all the four surfaces of the ink jet unit 13 are 
substantially enclosed. Thus, when the apparatus is 
continuously used for a long time, the heat from the ink 
jet head 12 located in that enclosed space causes a slight 
temperature increase, which in fact may be helpful if it is 
desirable to keep the space warm. If too much heat is 
produced, then to accelerate natural heat radiation from 
the supporting member 123, a slit-like opening 159 is 
provided in the upper surface of the ink jet cartridge 11. 
The opening 159 has a width smaller than that of the space 


in which the ink jet head 12 is provided. In this way, a 
temperature increase is prevented, and a distribution of 
the temperature in the entire ink jet unit 13 can be made 
uniform regardless of the temperature of an external 
environment . 

In an assembled ink jet cartridge 11, ink in the 
cartridge body 20 passes through the ink supply pipe 167, 
the ink supply port 154, the hole 125 provided in the 
supporting plate 123, and then an introducing port provided 
on the intermediate rear surface of the ink supply member 
128 and is supplied into the ink supply member 128. After 
passing through the ink supply member 128, ink passes 
through the ink conduit 158 and the ink receiving port 107 
of the ceiling plate 105 and flows into the common liquid 
chamber 106. 

A packing, made of, for example, silicon rubber or 
butyl rubber, is disposed at each of the connecting 
portions of the ink flow passage to seal the ink supply 
passage . 

Since the ink supply member 128, the ceiling plate 
105, the orifice plate 1104 and the cartridge body 20 are 
formed as one unit, as mentioned above, assembly accuracy 
is increased and the quality of the mass produced products 
can be improved. Further, the number of parts is reduced 
as compared with that of the conventional apparatus . 


Consequently, devices having the desired excellent 
characteristics can be reliably obtained. 

Further, in the ink jet cartridge 11 of this 
embodiment, a gap 1"60 exists between an upper surface 
portion 131 of the ink supply member 128 and an end portion 
210 of a room portion having the opening 159 of the ink 
tank 14. Similarly, a gap (not shown) is formed between a 
lower surface portion 132 of the ink supply member 128 and 
an end portion 213 of a thin plate member located below the 
ink tank 14 and closer to the ink jet head 12 and to which 
the lid member 151 is adhered. These gaps further 
accelerate the heat radiation effect of the opening 159, 
and prevent an unnecessary force applied to the ink tank 14 
from being applied directly to ink supply member 128 and 
hence the ink jet unit 13. 

The above-described structures of this embodiment are 
not known and are unconventional, and such structures have 
their advantages both individually and in combination. 

Next, mounting of the ink jet cartridge 11 on the 
carriage 16 will be described with reference to Fig. 10. 

Referring to Fig. 10, a platen roller 251 guides a 
recording medium 272 (which may be a sheet of recording 
paper) from the rear side of the figure to the front side 
thereof. The carriage 16 moves in the longitudinal 
direction of the platen roller 251, and has the front plate 


201 (having a thickness of, for example, 2 mm) provided on 
the front of the carriage 16, i.e., on the side of the 
carriage 16 close to the platen roller 251 and located on 
the front side of the ink jet cartridge 11, a supporting 
plate 205 for an electric connecting portion, which will be 
described later, and the positioning hook 202 for fixing 
the ink jet cartridge 11 at a predetermined recording 
position. The front plate 201 has two positioning 
protruding surfaces 212 corresponding to the projections 
137 and 138 of the supporting member 123 of the ink jet 
cartridge 11. After the ink jet cartridge 11 is mounted on 
the carriage 16, the carriage 16 is subjected to a 
perpendicular force directed to the protruding surfaces 
212. Therefore, a plurality of reinforcing ribs (not 
shown) are provided on the side of the front plate 201 
close to the front plate 201 against the direction of the 
application of the perpendicular force. The ribs slightly 
protrude from a front position L5 of the mounted ink jet 
cartridge 11 toward the platen roller 251 (by, for example, 
about 0.1 mm) and also form head protecting protruding 
portions. The supporting plate 205 has a plurality of 
reinforcing ribs 206 which extend in a direction 
perpendicular to the surface of the figure. The degree to 
which these ribs protrude sideways decreases in a direction" 
moving toward the hook 202 from the platen roller 251 so as 
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to allow the ink jet cartridge 11 to be mounted slantingly, 
as shown in Fig. 10. The supporting plate 205 also has a 
flexible sheet 207 having pads 164 corresponding to the 
pads 122 of the wire board 121 of the ink jet cartridge 11, 
and a rubber pad sheet 209 for generating an elastic force 
which presses against the pads 164 from the rear side of 
the flexible sheet 207. In order to stabilize electrical 
contact between the pads 122 and the pads 164, the 
supporting plate 205 has a positioning surface 208 close to 
the hook 202 in correspondence with the protruding surfaces 
212 to exert the acting force toward the ink jet cartridge 
11 in a direction opposite to the direction of the 
protruding surfaces 212 to form a pad contact area between 
the pads and to define the amount of deformation of the 
pads of the rubber pad sheet 209 which faces the pads 164. 
The positioning surface 208 is brought into contact with 
the surface of the wire board 121 when the ink jet 
cartridge 11 is fixed at a recordable position. Since the 
pads 122 are distributed symmetrically with respect to the 
straight line Li, the amount of deformation at which the 
pads of the rubber pad sheet 209 are deformed becomes 
uniform, further stabilizing the contact pressure between 
the pads 164 and 122. In this, embodiment, the pads 122 are 
distributed in two rows in each of the upper and lower 
portions and in two rows in the vertical direction. 


The hook 202 has an elongated hole which engages a 
fixed shaft 211. To position the ink jet cartridge 11 
relative to the carriage 16, the hook 202 is pivoted 
counterclockwise from the position shown in Fig. 10 and 
then moved leftward in the longitudinal direction of the 
platen roller 251 utilizing the space of the elongated 
hole. The hook 202 shifting method is not limited to the 
above-described one and any method can be adopted. 
However, a shifting method utilizing a lever is desirable. 
When the hook 202 is pivoted, the ink jet cartridge 11 
moves toward the platen roller 251 to a position where the 
positioning projections 137 and 138 can make contact with 
the protruding surfaces 212 of the front plate 201. As the 
hook 202 moves leftward, the 90* hooked surface 203 makes 
contact with a 90* surface of the claw 165 of the ink jet 
cartridge 11, the ink jet cartridge 11 turns about the 
contact area between the projections 137 and the protruding 
surfaces 212 on a horizontal plane, and finally the pads 
122 and 164 make contact with each other. When the hook 
202 has been retained at a predetermined position, i.e., at 
a fixed position, contact between the pads 122 and 164, 
complete contact between the projections 137 and 138 and 
the protruding surfaces 212, surface contact between the 
hooked surface 203 and the 90* surface of the claw 165, and 
surface contact between the wire board 121 and the 
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positioning surface 208 are completed simultaneously, thus 
completing retaining of the ink: jet cartridge 11 relative 
to the carriage 16. 

The ink jet apparatus to which the present invention 
is applied will now be outlined. 

The outline of the ink jet apparatus to which the 
present invention is applied is shown in Fig. 11. A lead 
screw 256 in which a helical groove 255 is formed is driven 
in two directions by a driving motor 2 64 through driving 
force transmission gears 262 and 260. The carriage 16 is 
brought into engagement with the helical groove 255 by a 
pin (not shown) provided on a mounting portion 252 (see 
Fig. 10), and is slidably guided by a guiding rail 254 so 
that it can be reciprocat ively moved in directions 
indicated by arrows a and b in Fig. 11. A paper pressing 
plate 253 presses the recording medium 272 against the 
platen roller 251 in the direction in which the carriage 16 
is moved. A photo coupler 258 and 259 constitutes home 
position detection means for checking the presence of the 
lever 257 of the carriage 16 in that area when, for 
example, the direction in which the driving motor 2 64 is 
rotated is to be reversed. A capping member 270 for 
capping the front surface of the ink jet head 12 is 
supported by a supporting member 265. The capping member 
270 has suction means 273 to perform suction recovery of 


the ink jet head 12 through an in-cap opening 271. A 
supporting plate 2 68 is mounted on the apparatus body 
supporting plate 271, and a cleaning blade 266 is slidably 
supported by the supporting plate 268. The cleaning blade 
2 66 is moved in forward and rearward directions by driving 
means which is not shown. The configuration of the 
cleaning blade 266 is not limited to the one shown but any 
known blade can be employed in this apparatus. A lever 
263, used to initiate the suction recovery operation, moves 
as a cam 29 which makes contact with the carriage 16 moves, 
whereby the driving force from the driving motor 2 64 is 
controlled by known transmission means, such as the gear 
261 and clutch switch over. 

The capping, cleaning and suction recovery processes 
are performed at corresponding positions by the action of 
the lead screw 256 when the carriage 16 is at the home 
position region. Any known method can be employed in this 
embodiment as long as a desired operation can be performed 
at a known timing. 

The major components of the present invention will be 
described . 

The heater board of the ink jet head according to the 
first embodiment of the present invention will now be 
described with reference to Figs. 5 and 6. 

After an insulating layer 1111 of an inorganic 
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material (e.g., SiO, Si02 or SiN) (in this embodiment, 
Si02) is formed on the substrate 103 by a known film 
forming technique (in this embodiment, sputtering is used), 
a portion of the insulating layer 1111 is removed in a form 
shown in Fig. 6 by etching which employs a solvent of, for 
example, antimony fluoride to form a recessed shape 1117 to 
which the flow passage walls 1109 of the ceiling plate 105 
are brought into contact. An end portion of the recessed 
shape 1117 is tapered in order to prevent deterioration of 
a thin film formed on the shoulder portion of the 
insulating layer 1111. Thereafter, a first interconnection 
layer (not shown) of the two-layer interconnection is 
formed on the insulating layer 1111, and then an interlayer 
insulator 1112 (Si02) , a resistor layer 1102 (Hf B2 ) , an 
interconnection layer 1110 (Al) , a first protective layer 
1113 (Si02) , a second protective layer 1114 (Ta) and so on 
are formed, whereby the heater board is completed. 

In this embodiment, a contact surface 1119 on the 
heater board to which the lower end portion of each of the 
flow passage walls 1109 of the ceiling plate 105 is brought 
into contact is formed in the recessed region 1117. 
Therefore, where the aligned heater board and the ceiling 
plate 105 are brought into close contact and fixed to each 
other using an elastic member, such as a plate spring, the ' 
flow passage wall 1109 does not shift out of position due 
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to the recessed portion 1117. Further, since the contact 
portion between the heater board and the flow passage wall 
1109 is disposed lower than a heat acting surface 1116 
which is a surface portion along which heat is supplied to 
5 the ink from the electro-thermal transducer 1103 (in this 
invention, the direction directed to the substrate 103 is 
expressed as low for convenience and does not indicate an 
actual downward direction) , even if a small gap is 
generated between the contact surface 1119 of the heater 
10 board and the lower end portion of the flow passage wall 
1109 of the ceiling plate, the pressure wave generated by 
bubbling does not readily propagate to the adjacent ink 
flow passage, thus greatly reducing bubbling energy loss. 

Further, in a conventional head in which the substrate 
15 and the flow passage wall are not adhered together, when 

the temperature increases due to continuous discharge, the 
ceiling made of a resin expands relative to the substrate 
made of, for example, silicon due to a difference in the 
coefficient of thermal expansion between the ceiling plate 
20 and the substrate. Thus, where the initial alignment 

accuracy between the ceiling plate and the substrate is not 
good, the flow passage wall 1109 may shift on the heat 
acting surface of the heater board. However, in the 
present invention, even if expansion of the ceiling plate 
25 occurs, the edge of the flow passage wall 1109 strikes the 
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inclined surface of the recessed portion 1117, as shown in 
Fig. 6, and does not rise on the flow passage wall 1109. 

The recessed region formed in this embodiment may be 
provided on the entire region where the flow passage wall 
is brought into contact with the subotrato or near the heat 
acting portion above the heating resistor. In the latter 


case, the flow passage wall is fitted to that recessed 
p portion. i 

AS 

u\ Fig. 12 (A) is a plan view of the heater board 

JlLj 10 according to a second embodiment of the present invention. 

I** Fig. 12 (B) is a cross-section taken along the line 12B- 

12B' of Fig. 12 (A). Reference numerals in these figures 
which are the same as those in Figs . 5 and 6 represent 
similar or identical elements, and description thereof is 
15 thus omitted. 

In this embodiment, patterns of films are formed by 
the known film-forming and etching technologies in the same 
manner as that of the first embodiment. In this 
embodiment, since the two heating resistors 1102 are 
20 series-connected to each other - in the single ink flow 

passage, the heater board can be formed without disposing 
the interconnection 1110 in the joining portion of the flow 
passage wall. Consequently, the recessed portion on the 
heater board can be formed deeper, and release of the 
25 bubbling energy to the adjacent ink flow passages can be . 


further restricted by making such a deep recessed portion 
the joining portion. As a result, stable discharge can be 
performed, and excellent recording at a fixed dot diameter 
can be performed. 


Where the heater board (substrate) ^manufactured in the 
manner describee! above is joined to the' ceiling plate, if 


the ceiling plate and the oubotrate are misaligned with 
each other, the positional relation between the energy 
generating element and the flow passage is misaligned, thus 
reducing the ink discharge accuracy. To prevent this, it 
has been proposed to align the energy generating elements 
with the discharge ports by measuring the position of the 
energy generating elements on the substrate on an image 
obtained by, for example, a TV camera and then by measuring 
the position of the ceiling plate mounted on a 
predetermined movable stage while moving the ceiling plate 
on an image . 

However, the above-described method requires 
measurement of the position of the energy generating 
element and the position of the discharge ports, thus 
increasing the production costs of the manufacturing 
apparatus . 

Further, a sequence of operations, consisting of 
measurement of the position of the discharge ports, the 
movement of the ceiling plate to a desired position and the 
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measurement of the position of the discharge ports again, 
must be repeated until any deviation from the desired 
position falls in a predetermined allowance. Thus, it 
takes a relatively long time for positioning to be done, 
5 thus relatively increasing production cost. 

Hence, the present inventors intensively studied and 
found both a method of and an apparatus for manufacturing 
^ ink jet heads which enables alignment between a -cubotratc- 


10 


and a ceiling plate to be readily performed without 
requiring a large-scale apparatus and without changing the 
configuration of the ink jet head. 

More specifically, the present invention provides a 
method of manufacturing an ink jet head, including a 
substrate on which a plurality of energy generating 
15 elements for generating energy utilized to discharge ink 
rr are provided, and a wall member joined to the aubot rate and 

having a plurality of flow passage walls which can form 
flow passages through each of which the energy generated by 
the energy generating element is caused to act on the ink 
20 to discharge the ink, the flow passages being formed by 

joining the jsubot-rato to the wall member, the method being 
characterized in that a recessed portion which is fitted to 
each of the flow passage walls is provided in the 
Ar ^ substrate - , and in that the recessed portions are brought 
25 into engagement with the flow passage walls by causing a 


force to act on the wall member in a direction in which the 
plurality of energy generating elements are arranged to 
align the flow passages with the energy generating 
elements . 

Further, the prevent invention provides a method of 
manufacturing an ink jet head including a subotrotrc r on 
which a plurality of energy generating elements for 
generating energy utilized to discharge ink are provided, 
and a wall member joined to the aubstiat - e and having a 
plurality of flow passage walls which can form flow 
passages through each of which the energy generated by the 
energy generating element is caused to act on the ink to 
discharge the ink, the flow passages being formed by 
joining the substxat -e to the wall member. The method is 
characterized in that a r.ecessed portion which is fitted to 
each of the flow passage walls is provided in the 
■^ substrate , and in that the recessed portions are brought 
into engagement with the flow passage walls by vibrating 
the - cubotratc in a state where a force having at least a 
component in a direction in which the plurality of energy 
generating elements are arranged acts on the wall member to 
align the flow passages with the energy generating 
elements . 

Further, an apparatus for manufacturing an ink jet 
head including a subtyfc - ratc on which a plurality of energy 
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generating elements for generating energy utilized to 
discharge ink are provided, and a wall member joined to the 
fa oubctrat^ o and having a plurality of flow passage walls 

which can form flow passages through each of which the 
5 energy generated by the energy generating element is caused 
to act on the ink to discharge the ink, a recessed portion 
which is fitted to each of the flow passage walls being 
V*c formed in the ^ubbLiaLe, the flow passages being formed by 
bringing the flow passage walls into engagement with the 
recessed portions, the apparatus comprising retaining means 
+ fa for retaining the^S ^o^rota ^in which the recessed portions 

W are provided, placing means for placing the wall member on 

U *■ the - subotrat - c retained by the retaining means in such a 

II J manner that the recessed portions oppose the flow passage 

111 

15 walls, pressing means for causing a force having at least a 
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component in a direction in which the plurality of energy 
generating elements are arranged to act on the wall member 
placed by the placing means in a state wherein the wall 
Vt member is stacked on the s - ubotrate , and vibration means for 
20 vibrating the substrate in a state wherein the component in 
the direction of the arrangement by the pressing means is 
acting . 

In the above-described structures, even if accurate 
alignment is not achieved when the ceiling plate is joined 
jAz 25 to the s ubotrate , the flow passage walls of the ceiling 
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r\r plate enter the recessed portions provided in the -oubotrato * 

because of the force exerted in a direction in which the 
energy generating elements are arranged to act on the 
ceiling plate. 

5 The method of and the apparatus for manufacturing ink 

jet heads will be described in further detail with 
reference to Fig. 13 to Fig. 15. 

Fig. 13 illustrates an ink jet head manufacturing 
apparatus for manufacturing an ink jet head according to 
10 the present invention. 

In the figure, reference numeral 2010 denotes a base 
plate which is a structural material of the ink jet head. 
Onto this plate are joined, by means of an adhesive, a 
substrate 2011 on which a plurality of energy generating 
15 elements (not shown) are provided and a circuit board 2013 
for electrical wiring. The interconnections on the 
substrate 2011 and the wiring on the circuit board 2013 are 
electrically connected to each other by wire bonding 2014. 
Reference numeral 2012 denotes a ceiling plate in 
20 which an ink supply port, a common liquid chamber, grooves 
for forming ink flow passages and an orifice plate 2121 are 
formed as one unit by molding. Discharge ports 2120 are 
formed in the orifice plate 2121 using a laser. 

The procedures of alignment between the ceiling plate " 
25 2012 and the substrate 2011 when the ink jet head having 
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the above-described structure is manufactured in the 
manufacturing apparatus will now be described. 

First, the substrate 2011 on which the heat energy 
generating elements are provided as the energy generating 
elements and the circuit board 2013 are adhered using an 
adhesive. Next, the substrate 2011 and the circuit board 
2013 are electrically connected to each other by means of, 
for example, wire bonding to prepare the substrate of the 
ink jet head. 

Thereafter, the base plate 2010 is placed on a 
receptor jig 2101 of the manufacturing apparatus. At that 
time, part of the front portion of the base plate 2010 (the 
portion on which the substrate 2011 is joined) is placed on 
a piezoelectric element 2105. 

The base plate 2010 placed on the jig 2101 and the 
piezoelectric element 2105 is pressed in X and Y directions 
by a pressing mechanism (not shown) until part of the base 
plate 2101 makes abutment with pins 2102A, 2102B and 2102C 
on the jig 2101. 

Next, the base plate 2010 is pressed in Z direction 
and fixed on the jig 2101 by a pressing mechanism which is 
not shown, whereby the front portion of the base plate 2010 
is pressed against and fixed to the piezoelectric element 
2105 while the rear portion thereof is pressed against and 
fixed to the receptor jig 2101. 


Thereafter, the ceiling plate 2012 is supplied onto 
the substrate 2011 on the base plate 2010. This supply is 
performed by making an automatic manipulator (not shown) 
retain the ceiling plate 2012 arranged on, for example, a 
tray (not shown) and by moving the retained ceiling plate 
2012 onto the substrate 2011. 

Subsequently, the upper portion of the ceiling plate 
2012 (the top of the ink supply port in the case of this 
embodiment) is pressed by a spring 2103. At that time, the 
spring 2103 does not press the top of the ink supply port 
from above but presses the ink supply port in such a manner 
that it makes contact with the outer edge of a 
circumference formed by the top, as shown in Fig. 14 (c) . 
In this way, the pressing force of the spring 2103 is 
divided into a force F'l in a direction perpendicular to 
the substrate 2011 (Z direction) and a force F'2 in a 
direction in which the energy generating elements are 
arranged on the substrate 2011 (X direction) . 

Thereafter, the front surface of the orifice plate 
2121 of the ceiling plate is pressed by two plate springs 
2104 located in front of the ink jet head so that the 
orifice plate 2121 can be pressed against the front edge 
surface of the substrate 2011, whereby the ceiling plate 
2012 is positioned relative to the substrate 2011 in the 
direction of discharge. 
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At that time, the discharge ports 2120 and the energy 
generating elements have either of following two types of 
positional relationships. That is, as shown in Fig., 14(a), 
walls 2012a, which form ink flow passages corresponding to 
5 the respective discharge ports 2120, may be on the acting 
surfaces (the heat acting surface) on energy generating 
elements 2011a or in recessed portions 2011d between the 
energy elements, as shown in Fig. 14 (b) . 

The state wherein the walls 2012a are in the recessed 
10 portions 2011d between the energy generating elements, as 
shown in Fig. 14(b), is a state in which the energy 
generating elements 2011a are in proper alignment with the 
discharge ports 2120. In other words, when the walls 2012a 
are disposed on the energy generating elements, as shown in 
15 Fig. 14(a), alignment is performed by shifting the ceiling 
plate 2012 in any way and thereby dropping the walls 2012a 
in the recessed portions 2011d between the energy 
generating elements, as shown in Fig. 14(b). 

Hence, in this embodiment, the substrate 2011 is 
10 vibrated by applying a signal to the piezoelectric element 
2105 with which the bottom surface of the front portion of 
the base plate 2010 is contact. The signal applied to the 
piezoelectric element is obtained by adding a bias voltage 
to a signal obtained by amplifying the signal (rectangular. 
>5 waves of about 5 KHz in this embodiment) generated by an 
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oscillator 2107 by an amplifier 2106. When applied with 
the signal, the piezoelectric element vibrates at an 
amplitude of about 1 ^lm. 

Although the component force F'2 is acting on the 
5 ceiling plate on the substrate 2011 in a direction (X 
direction) in which the energy generating elements are 
arranged, as shown in Fig. 14(c), so long as no vibration 
is applied, the ceiling plate 2012 remains stationary due 
to a static frictional force which acts between the ceiling 
10 plate and the substrate by the component F f l in the 

direction (Z direction) perpendicular to the substrate. 
However, when vibrations are applied to the ceiling plate 
2012 and the substrate 2011 in the manner described above, 
the frictional force by the component F'l varies, and the 
15 ceiling plate 2012 moves -relative to the substrate 2011 in 
X direction, i.e., in a direction indicated by an arrow in 
Fig. 14(c), by the component F'2. 

Accordingly, the walls 2012a of the ceiling plate 2012 
enter the recessed portions 2011d between the energy 
20 generating elements. When the ceiling plate 2012 moves, it 
may move throughout the gap between the recessed portion 
and the wall 2012a. However, the wall 2012a does not rise 
on the subsequent energy generating element, because the 
amplitude of vibrations is smaller than the depth of the 
25 recessed portion. 


Although the time during which vibrations are applied 
differs depending on the conditions including the amplitude 
and frequency of vibrations and the position and elastic 
force of the spring 2103, it is about 1 second in this 
embodiment. The vibration application time can be made 
longer than this time because the ceiling plate and the 
substrate do not shift after seating even if the ceiling 
plate is vibrated excessively. 

When alignment between the energy generating elements 
and the discharge ports (the ink flow passages) is 
completed, application of the vibrations is suspended, and 
the ceiling plate 2012 and the substrate 2011 are fixed to 
each other using an adhesive or a presser bar plate. 

In the above embodiment, the ceiling plate arranged on 
a tray is picked up and placed on the substrate by means of 
the automatic manipulator. In the case of an ink jet head 
in which nozzles are arrayed at a high density, a deviation 
of the ceiling plate placed on the substrate in X direction 
may reach a pitch of the discharge ports (50 through 100 
lim) due to a deterioration in the accuracy of the external 
shape of the ceiling plate or a deviation of the position 
of the ceiling plate on the tray. In that case, the energy 
generating elements may be misaligned with the discharge 
ports (the ink flow passages) by about ± a pitch of the 
discharge ports. 
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Hence, after the ceiling plate has been supplied by 
the automatic manipulator, an inner wall 2012b of the 
ceiling plate 2012 is brought into abutment with a side 
surface 2011c of the substrate 2011 by pressing the side 
5 surface of the ceiling plate by a mechanism (not shown) , as 
shown in Fig. 14(a). The positional accuracy between the 
inner wall 2012b of the ceiling plate 2012 and the 
Q discharge port formed in the ceiling plate is about several 

Ly M- m or less because the same spacer is employed in the mold. 

(3 10 The positional accuracy between the side surface 2011c of 

IH the substrate 2011 and the energy generating element is 

f ™ determined by the cutting accuracy with which the substrate 

H is cut out from a wafer, and is about 10 Urn, Therefore, 

1* when the inner wall 2012b of the ceiling plate is brought 

131 

iJD 15 into abutment with the side surface 2011c of the substrate, 
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the ceiling plate can be placed on the substrate with an 
accuracy of 20 to 30 \im, and alignment can thus be 
performed while maintaining a predetermined relation 
between the energy generating elements and the discharge 
20 ports (the ink flow passages) . 

Alternatively, as shown in Figs. 15(A) and 15(B), 
alignment between the energy generating elements and the 
At nozzles may be performed simply by providing a conVro*. 

portio n on an end portion 2122 of the plurality of energy 
25 generating elements on the substrate and by bringing a 


dummy nozzle wall portion 2134 formed on the ceiling plate 
into abutment with the - corivon portion . In this case, the 
conv ex portion (pattern) is basically formed on the 
substrate such that it can abut against the dummy nozzle 
wall 2134 formed at the end of the nozzle row in the 
ceiling plate. The eon vex paL-fce-w*- may be manufactured by 
forming and patterning a protective film, energy generating 
elements, interconnections, a protective film and a 
cavitation resistant film on the substrate. Alternatively, 
the oonvo ac pattern may be formed in a separate process. 
The 4)aUori> has a shoulder of 1 Jim preferably, with more 
preferable shoulder being 5 \im or above. Although the 
pattern may also be formed by means of, for example, screen 
printing, the most preferable method is the 
photolithographic process because the photolithographic 
process assures a high degree of accuracy and an excellent 
rectangular cross-section . 

In the ceiling plate, since the dummy nozzle portion 
can be formed at the same high accuracy as that of the 
nozzle pitch, the energy generating elements can be aligned 
with the ink discharge ports at a high degree of accuracy 
by bringing the nozzle wall 2134 into abutment with the 
-e envcix portion 2122 formed on the substrate. Fig. 15 
illustrates the positional relation between the eonvex- 
^ flfontrnri n t pattern and the ceiling plate dummy nozzle wall. 
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Fig. 15(a) illustrates the positional relation between the 
substrate 2011 and the ceiling plate, obtained when the 
, ceiling plate is just placed on the substrate. In the 
state shown in Fig. 15(a), the energy generating elements 
t 5 2011 formed on the substrate are not in alignment with the 
ink discharge ports 2120 formed in the ceiling plate. The 
fir side wall of the x-onvcffi puili u H 2122 formed on the 

substrate is brought into abutment with a side wall 2134 of 
the ceiling plate dummy nozzle by moving the ceiling plate 
10 sideways, as shown in Fig. 15(b), and the energy generating 
elements can thus be brought into alignment with the ink 
discharge ports. Nozzle walls of dummy nozzles 2133 which 
are not used for abutment are dimensioned such that they do 
fj- not make contact with the c onvex pattcr - R . 

15 The rrnrnnfir nb utment pattoi-ft may be formed on the 

substrate when any of or a plurality of a heat storage 
layer, an energy generating element layer, an 
interconnection layer, a protective film layer and a 
cavitation resistant layer are patterned. In this case, 
20 the gcinvoie abutment- — pattern can be formed without 

increasing production cost. In the formation of the convex 
pattern by the above method, alignment accuracy between the 
respective layers and the process conditions required to 
reduce the taper of the cross-section must be made 
25 adequate. 
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The ^aonvo t e- pogfc io n 2122 may also be formed by a 
separate process. A pattern coating method, such as screen 
printing, may be employed as the - pattern forming method. 
Alternatively, a metal film separately formed on the 
cavitation resistant layer may be patterned by the 
photolithographic process. The most desirable -pat-£ogn 
forming method is the method of forming the . pcrt^orn - using a 
photosensitive resin. Examples of the photosensitive resin 
are a positive type photoresist which is a mixture of a 
novolak resin and naphthoquinone diazido derivative, a 
negative type photoresist composed of an acrylic resin 
having an unsaturated double bond and a photosensitive 
agent, a negative type resist composed of a rubber resin 
and a diazido compound, a negative type resist which is a 
mixture of an epoxy resin and onium salt and a silicone 
type resist. 

Among the above-mentioned photosensitive resins, a 
resist composed of an epoxy resin and onium salt and a 
silicone type resist are the most desirable because they 
exhibit high alkali ink resistance. 

More preferably, the -p attern is formed by forming a 
resin layer made of polysulfone or polyether sulfone 
exhibiting high ink resistance, by patterning a silicone 
type resist on the resin layer and then by patterning the 
resin layer by oxygen plasma using the resist as a mask. 
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lip 

In this method, an excellent pattern 1 can be formed using a 
material exhibiting high ink resistance. 

The present invention offers an excellent effect when 
it is applied to an ink jet recording method, particularly, 
an ink jet recording head or apparatus of the type which is 
provided with means (e.g., electro-thermal transducers or a 
laser beam) for generating heat energy as the energy 
utilized to discharge ink and which is designed to cause 
changes in the state of the ink by the heat energy, because 
such an ink jet recording process assures high density and 
high definition of recording. 

Preferable configurations and principles of such ink 
jet heads or apparatuses are described in, for example, 
U.S. Patent Nos . 4,723,129 and 4,740,796. Although this 
ink jet process can be applied to both on-demand type and 
continuous type, it is preferable for it to be applied to 
the on-demand type devices . In the on-demand type 
recording head, at least one driving signal for generating 
a rapid increase in the ink temperature to a value 
exceeding the nucleate boiling temperature of ink is 
applied in response to recording information to each of the 
electro-thermal transducers, which are disposed in such a 
manner that they respectively correspond to the ink holding 
sheets or flow passages, so as to generate thermal energy 
and thereby cause film boiling to occur on the heat acting 
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surface of the ink jet head. Bubbles are thereby formed in 
the liquid (ink) in one-to-one correspondence with the 
driving signals applied to the electro-thermal transducers. 
The ink is ejected from the discharge outlet by virtue of 
the growth and contraction of the bubble to form at least 
one droplet. At that time, the use of a driving signal 
having a pulse-like form is preferred because the pulse- 
like driving signal causes the bubble to grow and contract 
instantaneously and adequately, and ink can therefore be 
ejected in excellent response. Driving of the recording 
head by means of a pulse-like signal has been proposed in, 
for example, U.S. Patent Nos . 4,463,359 and 4,345,262. If 
the conditions described in U.S. Patent No. 4,313,124, 
which involves an increase in the temperature of the heat 
acting surface of the ink jet head, are adopted, even 
better recording is possible. 

The present invention can be applied to an ink jet 
head of the type in which the discharge ports, the liquid 
passages (linear or bent) and the electro-thermal 
transducers are provided in one-to-one-correspondence, like 
those disclosed in the aforementioned references. The 
present invention can also be applied to a recording head 
in which the heat acting surface is disposed in a bent 
area, like those disclosed in U.S. Patent Nos. 4,558,333 
and 4,459, 600 . 


The application of the present invention to a full- 
line type ink jet head is particularly effective, because 
in the full-line type ink jet head the discharge ports are 
arranged over a length corresponding to the maximum width 
of the recording medium on which the ink jet apparatus can 
record and hence the influence of the aforementioned heat 
expansion can thus be reduced. Such a recording head may 
be constructed by combining a plurality of ink jet heads to 
fulfil the length corresponding to the maximum recording 
medium width or as a single ink jet head unit . 

The serial type recording head to which the present 
invention can be applied may be of the type which is fixed 
to the apparatus body, of the chip type which is 
replaceable and which accomplishes electrical and ink 
supply connections to the apparatus body by the mounting 
thereof on the apparatus body, or of the cartridge type in 
which an ink tank is integrally formed with the ink jet 
head . 

Preferably, ink jet head discharge recovery means and 
auxiliary means may be incorporated in the ink jet 
apparatus according to the present invention for the 
purpose of ensuring more stable recording. Suitable 
examples of such means include a capping means, a cleaning 
means, a pressurizing or suction means for the ink jet 
head, a preliminary heating means which employs the 


electro-thermal transducers, other heating elements or a 
combination of the electro-thermal transducers and other 
heating elements, and a preliminary discharge means for 
performing discharge for purposes other than recording an 
image . 

The above-described ink jet apparatus according to the 
present invention may be of the type which incorporates a 
single ink jet head corresponding to a single ink color or 
of the type which incorporates a plurality of ink jet heads 
respectively corresponding to a plurality of different 
recording colors or densities. That is, the present 
invention can also be applied not only to an ink jet 
apparatus having a single recording mode in which recording 
is performed in only a single major color, such as black, 
and but also to an apparatus having at least one recording 
mode selected from both a recording mode in which recording 
is performed in a plurality of different colors and a 
recording mode in which recording is performed in a full 
color obtained by mixing colors. In the latter apparatus, 
the ink jet head may be constructed as a single unit or by 
combining a plurality of ink jet heads. 

In the above-described embodiments, the ink has been 
described as liquid ink. However, an ink which is in solid 
form at or below room temperature and which softens or is 
liquid at room temperatures, may also be used. 


Alternatively, an ink which becomes in liquid from when a 
recording signal is applied may also be used because 
control of the temperature of the liquid used in the ink 
jet process generally ranges from 30 *C to 70 *C so as to 
adjust the viscosity of the ink to a predetermined range 
which ensures stable ejection. A solid ink which is 
normally in a solid form and liquefied by heating may also 
be used for the purpose of preventing an increase in the 
temperature by virtue of heat energy by utilizing the heat 
energy as an energy required to change the condition of the 
ink from a liquid form to a solid form or of preventing 
evaporation of the ink. In any way, an ink which is 
liquified by the presence of thermal energy, such as that 
which is liquefied in response to a recording signal and is 
ejected in the form of liquid ink or that which is 
liquefied in response to a recording signal but starts 
solidifying when it reaches the recording medium, may also 
be used. 

The present invention can also be applied to an ink 
jet apparatus which is used as an image output terminal for 
the information processing equipment, such as a computer, a 
copying machine combined with, for example, a reader, or a 
facsimile apparatus having a transmission/reception 
function. 

The present invention can also be applied to a textile 
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printing machine designed to perform recording (printing) 
by discharging ink onto a cloth using the ink jet head 
according to the present invention. 


